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There has never been a musical Instrument fliat was conoleved overni^t and 
released to the world in an immutable state Uie next d(ff, each instrument has under- 
gone change and refinement to bring It to itfe present condition. The same is true of 
electmoic music but the newness of this field coupled with the technology explosion 
has caused its developmCTt to be compressed in time. Whereas the piano has taJten 
centuries to evolve, electnnio musical Inetmnents first impeered only a little over 
iour decades ago. 

Most td these first Instruments were little more than exercises In technoloi;y 
but some were designed to overcome shortcomings m (.■xistijig inslraiiiL'nts. For 
instance, the piano keyboard is one of tlie most powei'tul musica.! operating systems 
available but it has one outstanding drawback in that while it provides Ihe musician 
easy access to all twelve notes ot the equally ten^iered musical scale it prohibits 
liim from ushig the infinity of musical pitches between those twelve notes. By Its 
veiy nature it eUmlnates the possibility of any Mm gUiBie from one musical pitch to 
another ( iliasando ). " x"- 
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One eiQotrailo lOBtnimeDt deelgned'to'oiwfcbnle'flhto'^eaknfeBa -wto-theTfl^^ 
The MartjaatlB'OlmllBr to modero organs to that a standar.i 1 . vbunnl i;, uyi] lit fon- 

trol an deetronlc osefllator hunt around a frequency detci-minini; (.aiJiu-ji^inci'/indurl- 
ance tank circuit. The inductor is tapped at points Ui:iL pi-oduoc fnqiioncii's c'orrcspond- 
ing to the chromatic scale: a ratlier straightforward, il somewliat simplistic, approach 
to electronicly gcneratinR a musical scale. In addition to the keylx>ard there is a 
ringer riiiR attached to a slider that controls another oscillator. When properly adjusted 
this second oscillator produces tlie pitch corresponding to the keyboard key adjacent to 
the posiOon of the ring. The combination of kejix>ard and slider allows the musician 
to glissando feom ooa note to another or add vibrato with a simple move of the hand 
without sacrificing the tqieratlng ease of the k^board. 

The (KKlioltoe was a aoiiteiiq)amy;of 4fae Martinot but Is significant because It 
was the first eleotrmic musical InstiunflSQt to use Bomeflitog other than a sine wave as 
its baale tone. &i the Ondioltoe a relaxation oscillator controlled by the keyboard 
produced a sawtooQi wave lA^iieh in tui-n activaLod several fi-cquciicy dividers. The 
output of the oscillator and frequency dividers were combined using much the sam6 
techniques used in some modem organs so that the instrument was capable of 

I ■:;(.■ i-ating a great variety of sounds. Observers r^rt that a sWUed operator could, 
come close to making tlie Ondioline talk. 

While Uie Martinet ajid Oiidioliivc were both designed in France, America's 
contribution to freeing the musician from the restrictions of the keyboard was probably 
the most outstanding - not to mention bizarre. A Theremin has no visible means of 
control at all and is pl^red simply by moving the band to rdMfob-to two metal plalea 
or rods, toslde the instrument are two hl^ frequency oscmotors, one shielded from 
any external influences and the second arranged so Hiat the plate or rod forms part 
of the freqiiency determining inductance/o^aditance tank circuit. The outputs of 
these two oscUlators aj-e combined in such a way that an audible tone that is the 
difierence between the two frequencies is produced. As the performer's hand is 
brou^ closer to the sensing antenna the difference to the two frequencies tocreases 
and so does tlte pitch of the tone. A second circuit allows porEormer'B otiier hahd 
to determine the volume of (he sound prodi^ed.- Once there are no frets or keys to 
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to provide visual or tactile clues to the pitch a Theremin will produce, it Is a veiy 
difficult Instrument to pl^ •r but loads of fim. 

SYMTHEBIZEBS 

The first equipment that would come close to meeting onr current deSnftitm of 

a synthesizer was built by'Dr. Harry Olson during the early 1940'sJ Produced under 
the auspices of the RCA Labs, the RCA Mark I and Mailt n Sjmthesizers were some- 
thing to behold. The Mark I has been disassembled for some time now but the Mark II 
still exists and is currently being leased to Columlj la- Princeton Electronic Music 
Center, it neasures 17 feet long by 7 feet high and is valued at anywhi;rc belwoon 
$250, 000 and one and a half million dollars depending on who you're talktiii; to. 

The average performer might be a little disapixiinted in Ihe Mark 11 today because 
even if there were some way to I i\ms[Miil it to a Rig, he would find when he got there 
that he couldn't actually perform a number. The Mark n was simply not eapahle of 
real-time operation, each characteristic of the sound the instrument was to produce 
wajs J,a]]|0rlousIy calculated and plotted ahead of time and the result punched Into a roll 
^PWW tape. Whai tt o&ne Ume for the Uailc n to do Its thing Iba tape was fed in - 
like a very large, very e^qiensive player piano - and the resultaCMorded on a multi- 
track disc, ( early 40'b, remember, recording t^e wasn't so'wPln those days, ) 
Mien all tlie parts of a number had been recorded on the separate tracks of ttie disc 
ihey wore ro-reoorded on another disc from which a master was made, 

IToii'^ht think tiiat about tiie only thing that ttie 'KaA I and Mark n did that 

vas of any consequence was add the word Synthesizer to our vocabulary but that's not 
,he case at all. They were significant first of ail becuase they wore Uic Orst to put it 
ill logotlier as far as electronic music production was concemod. All the oscillators, 
implifiors and filters needed in one place at one time and best of all uomc means - 
lo matter how cumbersome - of coqtidlUtigtiiem all. Secondly, thoy wore the first 
jistruments to utilize «4itte noise mdeom as port of an electro-musical instrument. 
Vhite noise will be covered In detail later, for now it diould suffice to say tiiat wiOotA 
t sounds like snare drums and cymbals, to mention only two, are imiwnsible. 

Don't get the impression that electronic music cannot be produced wlUiout a 
^ytitbeslBer, that's not true, Imsgine Oiat you are In a laboratory widi all sorts of 
slectronlc equipment such as oscillators, filters, amplifiere, modulators, tape re- 
sotders, etc. You turn on one of the tape recorders and set Bie oscillator fbr the pitch 

/ou want, twiddle tlic loiolis of the amplifier to shape tiie loudness contour and jilay with 
:he filter loiobs to adjust timljre. It only takes about six hands and a coujjIc of minutes 
out when you're through you've got a whole note recorded on the tape. Repeat ilu process 
often enough and you've got a whole string of notes. Of course, the tempo is not right and 
the notes may not be In the right sequence but you can fix that by snipping the t^ie i^art 
aod editing out all the Junk before splicing It back toge&er again to produce tiie desired 
melody. Now you go back and do the same thing fbr bass, rfayttim and all &e other parts. 
About the only thing you can say for this technique Is that it should certainly give you a 
feeling of accomplishment. Considering the comp!e>aty of the process even such 
monEtrobilic; as dogs barking out the tune of "Away in a Manger" can be fbrglv^ - 
all thai knob twiddling has to do something to a person's mind. 
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hi the early I960's Dr. H. A, Moog ( reoopiiso the name? ) began developing 
and producing a line of electrtmic mnslo eynlfaesls equipment that revolutionized 
tie field. The feature Ibat made the vioog equlpmMit such a quantum jump in ease 
of operation sounds almost ridiculously simple, but its implications are so far 
reacliing that it must be stressed; THE KEY PARAMETERS OF THE PROCESSING 
ELEMENTS .\RE A rUKCTION OF THE SUM OF ^VERAL CONTROL VOLTAGES 
RATHER THAN THE POSITION OF A KNOB. 

As an exan^>le of Uie operating ease of voltage control let's see what It does tor 
a relatively simple processing element, an amplifier. As we shall see a little later, 
one of the things that contributes most to tlie way an instrument sounds Is the manner 
in which its sound builds up and dies away. Wlien using the classical tape spUclns 
technique these oharacterlBtlcs have to be duplicated manually for every note by 
turning the vohime control of aeamplifler. Evan tliougti the Mark n allowed for 
automatic ctmtrol of tlieamidfflers, infbmuition stUl bad to be punched Into its 
programming tape far each Individual note. 

With voltage control the job of setting the correct time varying amplifier gain 
can be turned over to an automatic electronic funotloa generator circuit that produces 
a repealable, pre-set voltage wavefnrm«ach4IllU'alcqri8 pressed. 'Hila voltage Is 
then used to control the ampUfler. Tb^ aambOmBtU ti» amotion generator to repro- 
Aiee tbe oharaotertsUcs of some real or imagined Instrument and the electronics win 
prodnoe Ibat oharacterlstlc for each note he plays. If he desires a totally different 
sound if s simply a matter of re-setting a couple of knobs. Summing the control 
voltages allows the performer to produce more than one effect from a single process- 
ing module. If, in tlie aljovc example, the operator decides to add a low treqfisfusy 
.impliiude modulation ( tremolo ) to the sound, he needs 00^ to SUM a seconil Volt- 
age that is changing at the rate of the desired tremolo Into one of tiie remaUt&ig 
amplifier control Inpnts. As tite oontrol Voltage varies up and down Iso does Uie 
gain of the ampUfler and the volume of &» aatmd. 

THE SOUND OF NTOSIC 
Anyone can make weird noises on a synthesizer simply by raiidonily making 
connections and pushing buttons. It's even fun for the first hour or so. until you 
begin lo thmk of specific sounds you want to make and can't. If we're going to learn 
lo use a synthesizer rallier than just play with It it's important that we understand 
what sound is and what malres one sound different from another. 

If your knowledge makes the following discussion seem trite, read on anyway. 
We have lo start souenfaere and if nothing else you csn probably tind something to 

disagree with. 

Sound travels as waves, waves of pressure in the air, A vibrating string 
displaces the air around it and the air molecules that Ihe string moves In turn 
bump into and move other molecules, AU the things that these sound waves can 
bnn^i Into and be reflected off of and the effect that this has on the original wave 
arebqnmd the BO(«w of our discussion. The only thing relevant to the subject at 
hand Is that if a man is present the pressure of the waves will finally cause a 
deflection of his cardmm which in tum will vibrate three small bones inside his 
ear which will in tum cause a disturbance in a fluid medium which in turn excites 
the auditory nerves wiiich in turn causes the man to say " Hey, listen to *hft t " 
Whether he fills in the blank with "noise or "music" Is personal preferaice. ' 
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The thing that Vibrates to produce the sound doesn't havo to bo a string. It con 
be a synthetic or organic membrane as in a drum, a vibrating rood ns in ilir wimi 
InstrumentB or the lips of tte'iiraBician as In the brass toatrumentfi. Mosi i 
to us, it can also be the cone of a loudspeaker, 

Wlieii a recording of a musical instrument Is made a mlorophono converts the 
air pressure waves Into exactly analogous electrical voltaffo waves. If you were to 
graph the vibrations of the air and the "vibrations" of llif voliiiKc slrti; by ■^j.i, tliey 
would be Identloal except that one would bo moasurod in voIIh iuni the olh. r m dynus 
per square centtraetcr - or i^oiu.-IInn;.,. Wlu n 111,.-;,. viiKiiK.' varlalloriH an; r..-playcd 
throi^h an amplifier ;ind loud-pnikri' ilu y an- cdiivi'i-Ii'iI Ir-iirn I'livlrlc^i! back Into 
sound energy, n all Uie links m ih.' rli.iin li;ivi> bfon I:d1lihil In lln-h' .-. L-orfllng and 
reproducing functions the preKBure wavus goncrnled by Uio loudspeaker will be exactly 
the same as Uiobg originally generated by the muslool Initrumont and the two will be 
Indistinguishable, 

Since the thing tli^ii ji> .1 ii ]- :mrl iciinLipi iilirr works with Is not really sound 
but an electrical analog ol samni; ami sImit 11 ir. iio.'inilili' lo I'lrc'lroniciiily generate 
any Imaginable voltage waveiorni ( dllflcull In aomo casos, but possible ), it seems 
only logical that at some point sounds ehould be genoroted not by physical musical 
instruments but by synthaslzini^ their •leotronlo ualog ud tben converting that to 
sound. 

PITCH, DYNAMICS, TIMBRE 
There are really only three chai-actorlatioa that dotormino what a musical 
Instrument vrtll sound like; pitch, tlynamlos and timbre. Of the lliree. pitch probably 
requires the loasl e;;planatlon. 

mid Iroqueiicy arc two words from two diftoronl toohnologies thai describe 
tiic same thing. When an onginoor or tochnlolan apoaks of 201 Hi. they mean that the 
thing they are referring to is vibraUng 261 limes por second. When a musician 
mentions middle C he is also talking about somolhlng that (s vibrating 261 times per 
second. If the musician is dealing wit* conventional In 1 rmiKDiK Ir. is probably 
talWng about a string or reed but if he is working wllli [ui oi'Kmi or synthesizer he 
is likely refen-iii!! to llic same Uilni? tiril ih.' d I'linologlets were talking about, tiie 
frequency ot the changes of an uleclj-ical wavclorm, 

TKe))U!nm ear Is more sensitive to changes In pitch than any other musical 
parameter. The Intensity of a sounti has to be cut siHinirieanllv b. loi-c a llsluner 
experiences any decrease in loudness but a skilled musician cmj tell when a musical 
-I uii-ioiK- deviates by as little as S% of tbe interval between that note and the next 

higher lone. 

"^^"S 'e a broad term that refers to the time vaiying intensity characterisUcs 
of the sound; how fast it builds up and how fast it dies avray. 

The length of time re(pii!red&r a sound to build up to its greatest intensity is 
called attack time and Wb one paramfeter conveys more information about the way 
an instrument is played than any other. If the attack time is ven- ■^ho:-;. the instmment 
Win be in the percussion family where the vibrating member is immediately excited 
to its maximum amplitude by the deforming action of being plucked or struckwith a 
hammer or mallet. If the attack is relatively slow then the instrument is probably 
in the reed or bowed string groups w*ere the action of the exciting force - the wind 
or bow of the performer - takes a short time to fully excite flie vibrating element. 
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If you forget abcOt (he talrait factor for a moment the primary purpose of the 
m usic i an in playing most instruments Is to serve as an energy source. The 
perfimner pomps energy into the system (Instrument) and the system dissipates it 
to some.w^, usually as either souiid or heat. I know what you're pi-obably tliinldng. 
Heat? Tes, heat; if you were able to accurately measure tlie tempci-ature of a drum 
head you'd find that it gets hotter as you pound on It. The energy tliat is converted 
to heat can be thought of as being lost since it does not contribute to the primary 
object of producing Boand. 

Very interesting, right? But what has this to do with Uie sound of a bassoon. 
Just this, another impoilant characteristic of an instrument is its release time. 
That is, ho" !asi the sound dies away. Release time is directly related to how much 
of the energy goes into heat and how much into sound. A vibrating string, for instance, 
is as close to lossless as yw can get and Ite release time Is veiy long. The stretched 
membrane of a drumhead on the other hand is very lossy and as a result the release 
time of drums is vety short. 

Reed instnimcnts have a short release time because the reeds are relatively 
lossy and don't continue to vibrate for veiy long aflar the muaiclaa^ps adding 
energy. Brass instruments hare the shortest release tlme beoi^e Ihe performer 
can force bis Ups to stop vibrating and the column of air in the instrument is very 
lossy. 

SuBtato t ime is the interval in between attack and release, the steacly state 
response of the instrument. AsJsubvious. percussion tostruments have zero 
sustain time - as sooa as the attack is finished there is no more energy input so 
it's donsblll the rest of the way. Inslnmn nl;; tli;i1 liavo ;?omu continuous energy 
hiput from the performer, m the form oi bo\;aiig, blowing or even pedaling in the case 
case of some organs, can sustain as long as the energy holds out. 

Though attack, sustain and release are the primai7 phennnuna ol dyn:imics there 
is one other condition that is common. Wlicn a percussion insti-ument is struck very 
■'1 tlie vibrating member will deform beyond the ])oint at \i4iloh a smooth release Is 
i>'jssible, in effect more enei-gy is put into the system than it can handle, with a 
resulting overload. Under tliese conditions the system ( string, membrane or 
whatever) will rapidly get rid of the excess enei^. With the "overload" dissipated 
the vibrating element will continue to dissipate the remaining energy in a normal 
fasUon. The result is an imUal rapid attack immediately followed by a decay time 
which is Hien followed by aMrmal release, in a natural histrument it would be all 

but impoEEiblofbrthedteiay Siiie to be followed by a BUBtoin Interval but with a^ 
synthesizer this is BlH^e.' 

We can gmUoly illustrate the conditions discussed by plotting tlie overall 
mten^ty <rf the Bound versus time as showi in fi^rure 1, Since these graphs are 
dram to show tiu peak Ui^tude of the sound at any given time and therefore 
"contaltf' the Botmd tb^ are often referred tx) as envefopes. 

it Is pretty obvtoas ffa^ as important as dynamics is, it doesn't accomit for all 
flie di«er«»ces between the Bcnihds of instruments. For instance, Uie trumpet and 
french hom are both brass instruments M.-ith approximately the same attack, sustain 
and release characteristics. They even overli^i as far as pitch range is concerned 
but there would be little danger of mistaking the blaring, bras?y sound of flie trun^ 
for the mellow, muted times of the french hom. These dlHferences come about 
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FIGURE 1. Amplitude envelopes for (A) Percussion (B) reeds 
(C) attsck-decay-release (D) attack-decay-sustaln-release 



because no musical inslmmunt produces a tone Dial Is composed exclusively of a 
single frequency. Each note is composed of a number of different frequencies, and 
tho number and amplitude of tbe various componente are what gives each instnunmt 
Ifai dlBtlBetlge *teibre. 

The concept. th:it a single musical pitch 
can be made up ol' more than one frequency 
can be oonfuaiiiK oji<i needs further attention. 
The Bine wave shown in figure 2 is the basic 
building block of any Imaginable accousttc or 
electrical wave. It Is.the only waveform that 
Is composed e&Ur^ of a single frequency 
and, more Inportai^, any waveform can be 

baUtnp using nothing but sine waves. Pj^^^^ 2. Sine wave 





FIGURE 3. Fundamental and 
2nd. harmonic 



To Illustrate this look at figure 3. Here 
we have two sine waves drawn In dotted lines 
Mtiiioh are labeled "A" and "B". As you can 
Bee from fite drawing, waveIbnn"B" goes 

waveform "A" to o<»vlfltem^a^e 

Waveform "B" is tbetafiiKra twice the freq- 
uency of "A" and Is said to be tlie second 
harmonic ol the fundamental frequency "A". 
If we draw another wave that was three times 
the freqaeocy of "A" it would be Qie ttiird 
faarmonio, four times would be the fourth 
harmonic, Sve times tbe fifUi and so on. 
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If at every point m lime we sum together the amplitudes of waveforms A and B 
the result is the waveform shown by the solid line. Note that while the new wave Is 
sh^ed differently than either A or B it has the same frequently { and consequently 
pitch) as the flmdamental frequency A. Ifthlrd, fourth, fifth and higher order 
harmonics were added into this wave the result would continue to change sh^ but 
the freqaency would remain Hte same. 

It is not necessary that every harmonic of a fundamental frequency be included 
in a wave and indeed the most muBioally interesting sounds have certain harmoniCB 
deleted. The square wave shown to figure 4 is a good example, B is dllKcult to 

ImaglBS that tbe aharp-edged wave 
Illustrated could be built up from 
< smoothly changing sine waves but it can 

as shown in the progression of diagrams 
figure 5 (aj through (c). In (a) fundament- 
al frequency is added to its third harmonic 
producing the waveform dKn^b:;^tt^fiDlld 
line. In (b) the fifth hamwnlo hu'bMa V 
added to ttie result of (a) to produeeih'e' 

FI6URE 4. Square Mve °™ fj^" ^''venth 

^ harmonic has been added to all the rest. 

You can see thai the trend as higher order 
harmonics are added is to sloepen the 
sides of ihe square and flatten and reduce 
the ripple in the top. When enough har- 
monics have been added the result will 
be a sqiure wave. Notice in particular 
that not all harmonics are added tt^ether 
for a square wave, only Ihe odd harmonics 
< 3rd, 5th, 7th. etc. ) are Included, 

MAKING WAVES 

Now that we have a pretty good Idea 
of why instruments sound the way they do 
we can looldng at ways of duplicating these 
soimds using electronic circuits. 

The arst method of electronically 
producing a desired waveform Is called 
additive synflieiBiB.a nd tbe technique sliould 
be obvious from fte" discussion of harmonic 
structure. Several oscillators pi'ovide a 
source of sine waves of various harmonic- 
ally related frequencies and combhiatlons 
of the outputs are summed together to 
build up the desired waveform. By ohang- 
ing the ampUtudw of tbe sine waves 
practlcaly any waveform can be easily 
produced. One of the problems with this 
system Is keeping all of the oscillators 
tuned so that tfacgr are multiples of one 
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another. Most electronic org^is th;il use additive synthesis systems get around 
this problem by using one oscillator for the highest frequency component desired 
and then producing the other frequencies using a chain of frequency dividers. 

The teclmlque used in synthesizers is called subtractive synthesis and can be 
thought of as just the opposite of additive syntiiesis. Rather than summing together 
the frequencies you do want, you start off with a source that is already rich in 
barmonlcE and then remove the ones you don't want. This may seem a rather 
strange to get from here to there but there is an excellent hixA^^^el precedent 
for subtractive synthesis, the most versatile musical tnstniraii^i^-^- Oie human 
voice. 

There are other reasons for using subtractive synthesis tban Just pleasing 
motii<M:jnatttreb<r^^-wefare going to be consistent in our design of a line of voltage 
controlled' equ^ent, then everything should be voltage oontroUed, Innhidlng 
the oscillators. Designing a voltage controlled sine wave oscillator is not Inqpoe- 

eiblc bui il is ilifricull. Then there is the need to lock all the sine wave oscillators 
to preeiac iiiuiliplcs ol liu; fundamental frequency, and a mixinR system to combine 
all the harmonics in Uiq ijropcr iimplitude relationships. As you can Bee, a qrstem 
of this type would be quite cumbersome and tedious to operate. 

From a' technological standpoint, It is uudi easier to electrwlballjr generate 

a complex ramp or square wave then a sine wave. And with the many recent 
refinements in filter circuits, subtractive synthesis is definitely the better route 
to take. 



Since synthesizers operate with 
harmonic rich waveforiii.s as their prl- 
maiy signal s^oiu'cc thuru is no need to 
Start out with a sine wave at all. The 
VCO'B Bupidled with most Bjmtfaeslzers 
provide a variety of waveforms each of 
«4iich provides difierent harmonic 
Btruotures. .Conunpn practioe is to use 
a relaxation bsch^atof to generate a 
voltage ramp which is then converted 
to triangle and pulse waves using simple 
shaping circuits. In some cases the 
triangle will also be 8bE4>ed into a sine 
waveV These waveforms and their 

harmonic contents are listed In tsl^ 1. 

I _ ■ ji ■ ' 

b'order'to tu^.'^btractive sjm&esls 
we need eontemaSn^ of getting rid of the 
harmonics we don't want and to do this 
we use filters. A filter Is quite simply 
an electronic gadget that eliminates a 
single frequency or group of freqaeocies. 



haniionic\ 


AV 

triangle 


/VH 

ramp 


rui 

square 


fundamental 




2/v 


4/t, 


End 




1/" 




3rd 


8/9n = 




4/3:: 


4th 




I/2r, 




5th 




2/SiT 


4/5Tr 


6th 




l/3ii 




7th 


8/49ti^ 


2/7tr 


4/7rr 


eth 








9th 




2/9ir 


4/9t. 



Table I. Hannonic content of 
tHangte, ranp and square vnve 
if3.142 ir2-9.87Z 



8 



Figure 6 shows dlagramatically a repre- 
sentation of the frequency response of a low 
pass filter. This drawing shows that as the 
frequency of the signal being fed to the Input 
of aw filter Inereasea the aiwilltode^ of aie' < 
mter<B ootpiit &1I8 off. Note that Qie filter 
does not Aange the frequency of the input 
signal, only the amplitude. If the input is 
a complex waveform the filter will of course 
change the signal's shape as it attenuates the 
higher frequency components but that is, after 
all^ what we're after. 

Figure 7 Aowb flie frequency response 
of a high pass filter. In this case the amp- 
Utode of the ou^Nit falls off as the input 
frequency decreases. 



frequency 
FIGURE 6. Low-pass filter 



frequency ■* 
FIGURE 7. High-pass' filter 




Notice that In both of these filters the response curve Is flat either up to or 
b<yond some deQutta freqnenoy. This Ib Oie frequency at which the niter begins 
to "take hei* and Is designated the cutoff frequency or f^,. One other important 
parameter associated with low pass ;uid high pass filters is the roll off rate. 
ordinarily measured in units of db/octave. This sounds complicated but it's really 
not. A decibel ( db ) is a measure of electrical level and when you're talking about 
voltage, a change of 6 db. corresponds to halflng ( if - 6 db. ) or doubling if (+ 6 db. ) 
the original reference level. Octaves are of course frequencies that are double some 
refbreaoe frequeugr; Iherefbre a low pass filter that "rolls o£P< at 6 db. /octave 
■In^ means that eve'ry HSSa' ttie frequency Is doubled the output of the filter falls 
by 1/2. 

Figure 8 shows the frequency res- 
ponse of a budfaasfitter. As the dia- 
gram ImpUea, a band pass flUer attenuates _ 
all frequencies above and ^low a certain ' ' ' 

frequency while allowing the frequency of 
interest ( or frequencies close to it ) to 
pass without being effected. The frequent 
that is allowed to pass without attenuation 
U quite logically called be center frequencv 
and Is also designated i^. There are 
parameters fbat can be used to specify 
how well the filter does its job of rejecting 
fre^iencles outside of its pass band but 
none of Uiem are very easy to understand 
and for our purposes we will confine our- 
selves to speaking of the "Q" (qualify) of 
IhefUter. The hl^ier the "Q!' .aie;^raR|»e.u . 
the freqnendes outside the pass band-^-' 
be attenuated. 

As the frequency response curve of 
figure 9 shows, you can think of a notch fUter as being the opposite of a band pass 
filter. Instead of allowing frequencies around the center frecpi^cy through, the 
notch fitter Uocks tiiese and allows all others to pass. 



frequency * 
FIGURE 8. 8and-pass filter 




frequency + 
FIGURE 9. Hotch filter 
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It is about time that we looked at a problem that has plagued instrument makers 
since the first caveman beat on a hollow log - how to control the instrument in such 
a way that you realize its full potential. With most conventional instruments the 
control system is obvious. You control some of the elemente of the dynamics by 
how hard you blow, pick, or strike the instniment and jreuDMitrolfiiepIbdliirttie 
positloaB of your hands and/or lips. Timbre Is ln,moBt etuv* qualUf of tbe 
inetrumaitt and Is Qierefbre b^md file control of the perfinmer. 

this is not the case with a eyaOtaeizw, you have at least tbe tlieoretlcal 
oapobUlty of controlling and varying eveiy characterlBtlo of tbe sound. Some 
charaoterletice you can pre-set by the position of a knob and some yoii ean turn 
over to automatlo function generating equipment. Somo pai-amet^ are varied 
wiOi a manual controller such as a keyboard and some, uafortunatelf, you wind 
up forgetting aboul:>bK»iae there are no nure'controllera araUable. 

Before exalnlriing some of the lypes of controllers that are available, make 
sure that you have firmly implanted in your mind that a controller for a synthesizer 
does only oni.' tliiiii?; it provides ^ voltage proiwiliona! to tiomi: paramL'tcr that is 
physically cliiiin;i;ci by thu performer, Willie in most cases the voltage produced by 
Ok; conti'ollei- will Kubsi;qucntly be used to set the pitch of a VCO, this will not 
always be the case. Depending on tbe sound b^ng ptoduced, the controller may also 
be used tq.VBt'th& center frequency of a bufdii^ltBa.fiUer, rdU off iKte of a low pass 
filter ^number of otiier things. 

KEYBOARDS 

When used to oontrol a piano, a keyboard is one of the greatest inventions of 
alltime. Whe& uMd wlfli a synthesiser tt ^ at bjast a aom|nomlBS. 

Iduslolans are used to kes^toardB being connected to polytanlo fitatnimaDts; 
that Is, Instruments tiiat lirs eapdiU of playing as many notes at one time as Iha 

number of keys being pressed down. With most basic synlhosizers, this is not 
the case, Basle keyboards are by design a monotonic controller capable of 
producing one control voltage output at a time, Thit means the sy(illiosi:^cr is 
to be played lilte a saxaphone or trumpet - one note al a lime. Some intermediate 
line synthceizers use a clever switching arrangement to produce two notes at a 
time, but this is still far from a true polytpnic system. Developmoit of micro- 
proQeBSor6'~< Ve^qniter in an ^itegrUed Circuit } will be the technological step 
whtiOi will flna]y>S^m:jannUopment of fully polytonlc keyboards - playing more 
than one note at a tIm)bV^i^ llf)ving individual voicing for each additional note being 
played, 

Since thf electronic organ has become commoivlaoe, performers have gotten 
used to the idea (hat they can't control the etynamlcs of flieir instrument by varying 
the striking force on the keys, this is also true of most synthesizers. Other than 
triggering signals that are generated when any key is pressed, the only control 
voltage that most keyboards produce is proportional to the location of the key 
being activated. One manufacturer has a k^yix>ard that Is an exception to fttti 
rule; in addition to the standard control nltage U also generates tno vott^ges'' 
proportional to the yelocl^..of Jhe kegr as It is pressed down and the flnal.pmanre 
on the tey as It is hdU dom. 13ifs is a slgnlfieBnt improvement slnee It allows- 
the performer to directly Influence Siree musical parameters by pressing a single 
key. 
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Strangely eDoagh. the orfginal d^ectfamto ak^board that was mentioned in 
(he first part of this booklet ( unavailability of pitches between semi-tones ) is 
not a great problem aa a eyntliesizer. Most k^boards provide a "pitch" knob 
that allows some variation in tuning of the bistniineiit and laai^ provide for an 
automatic, variable rate gllssando. 

fa spite of Its drawbadm, the standard keyboard has one big thing in its 
favor - familiarity. It is similar to a thing that the moaician alreai^ knows 
how to use and re-trainIng time is therefore reduced, 

LINEAR CONTROLLERS 

These are electrically and mechanically the slm^est of all otntrollers. 
Most oonsiet of a long sti^i of elActrioally reslstlva material with a Voltage 
^jjdled to eadi end, Ihe p6ten£lia''dpiBraiee 'between the two enite dlsti^butes 
evenly along the length of the stxij^lio that the volt^iRo brlwoon any point and 
electrical ground is proportional to'&e position ol that ixjint on the strip. When 
the performer presses on the controller, a cgnductinR mel.ai band makes contact 
with tbe resistance element and picks off the voltage present at the point of 
contact, 1 .iD— .i.tn* V 

Linear ctmttoUers are generally not Intended as substitutes for keyboards 
for a number of reasons. First, it Is technically dilficuit to automatically pro- 
duce a trigger pulse whenever the controller is pressed. This function lia:^ to 
be performed manually witli a seperate switch tliat must be closed lor each note 
or run that is to be played. Secondly, using a linear controller for pitch is like 
plaring a freUesa Instrument suoh as a violin. It requires considerable experience 
to know vAat plteb Is going to be piodnced at a given looaHon. 

These devices come into their own when used In conjunction with a keyboard. 
In this application they can provide an auxillaiy control for some parameter other 
ttian pitch, like mannaUy sweeping a filter or controlling the amount of noise 
nixed Inta a sound. 13ie control voltages produced by this unit can also be summed 
Into <me of flie'VOO oootrdl inputs to produce a manually controlled gllssando or 
vibrato or can be used wlfli a VCA to give manually controlled tremolo. 

FOOT PEDALS 

Foot pedals allow you to control additional musical parameters with your feet. 
They are similar to the e\-pression pcd.als on electronic organs except that instead 
of controlling only tbe volume they can be used to control filters, oscillators or 
anqdlflers. 

Anything you oaa say about linear controllers applied to foot pedals, th^'re 
Intended to be used la eo^tmction with a keyboard. 

JOY STICKS 

These are the waddest controllers Imaginable and as you would expect are 
similar to the joy sticks used in airplanes. 

The biggest thing going ior this ^pe of contr^r is that It offors fba rpossibt-- 
li^ofdlroctIycc»tnflltoB.toartmuelcalparaineterB simultaneously. One paraineter 
could be oontndlfld br nxnrlng the stick forward and bacltw.ard, another by movinp 
the sUck from side to side, a third control voltage could be generated proportional 
to vertical naotiiRis { along the laag axle of the stick ) and a fourth ponx)rtlonal to 
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the rotation of tfaeiiandle. If you like you could even put a switch on top to ctmtrol 
such vital faavMaaa m B^-dast^uct. 

A joy eU<^.Beeins like a valid concept but anyone that could use one properir 
probably wouldn't be able to communicate with eaxth people. 

' ' ENVELOPE GENERATORS 

Envelope generators we wtomatic, controllers that eleotxnileallr geaerate 
a time vaiylng TOltBge as pre4iaibsr «*Tiibimtte-«'^^ to 
envelope generator ordinarily responds to a trigger pulse by generating .«n electric- 
al waveform that rises to some prefect value in a pro-set time, sustainij that level 
as long as the trigger pulse is present ( or for a prc-sct lime iri some cases) and 
then falling bacli: to zero in a pre-eet Ume. Some envelope generators are oapi^ 
of producing the. itta^. deovrm%o>. xielMse:^ bneUoui^^Mwdmller. 

The output of the envelope geseiRtor can be used in tlie s»w mys -.my other 
control voltage source should, but tfaeie Items find their most common oppUcatton 
in controlling ^jnumiOB and time foytag tlmbral quUtfes of a sound. 

A low frequency oscillator can also serve as a control voltage source to 
provide oyclicly varying voltages for vibrato, tremolo or filter sweeping. 

SEQUENCERS 

Sequencers fall under the category of control devices much like keybouds. 
The main point of a sequencer is that it is programmed ahead of *f m9 to provide 
a Bpeclfio pattern of onteol voltages. On <^nnnhiid; ^ series trf voltages 
^pesrs at the output, and flils pattern can be repeated many times with higti 
consistency. Standard analog sequencers are programmed via potentiometers 
to provide the H. ^ir,..| voltage for each stage. After programming, the module is 

turned on either nu^illy or from remote trigger signals, and the Internal clock 

steps through the sequenci; to -vi^ad- the programmed voltages. Digital tech- 
nology has aided in the development of digital sequencers vriilch differ in one 
malnaxca. Rather than manually prognunmlng Os voltage 
Input is provided to accept control voltages from a keyboard or otter control 
device. As the keyboard is pl^d, the various control voltage steps are trans- 
lated Into a digital word and stored in a momoiy system. On command, the 
sequencer reads Its output Information from Uie memory rather than from a 
strtog of potentiometers. These devices are still OOBtlr, bot'asbomiiittertedincilogr 
Increases the coat will continue to drop. 

AlHiough sequencers are usually thought of as being used to control an 
oscillator ( !-opc;iling ba-ss lines, high speed arpegRios ete. ) many interesting 
effects cun be obtained by using them as controllers for filters, VGA's or any 
Other modulsB requiring a control voltage. 

DB3ITAL COMPUTERSr. 

As short as two years ago, thoughts of digital computers being mterfaced 
with an electronic music synthesizer were reserved for well funded college 
music departments or govemmenteabsldlsedaxHBtlo zesMrdi programs. Since 
then, computersihavatgtowii'«maltei;i-4nonInGavenstV6, and basloally more 
acoesBlbte.^iiBIectiwdo faobbyistsw^id^Mi^'Into these miadilnes as tfaey did 
with Ham rodiotenyesars ago. Bealizli^ a convoterlzed music system is 
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* °^r aatlally, we wm see computers being used to control the analog 
800lrtl5«iOTltin| a^ Then, as prices 

deerMbe. ftiUy dmywterlzed ayitthesizers will be seen v*ich will generate any 
WBvefiirm, changing waveform, amplitude, and other parameters as you play - 
depending on how the computer is programmed. Eventually, we may even see 
con^juter music systems uiiich can "listen" to a sound and reptoduoe the same 
sound under operator co mm and. Or how about a machine that monitors the 
operators brain waves and vital signs, and composes mnslc apeolflcally to fit 
Jus moods/lhou^its. The list is rauUess. 

TOE EQUALLY TEHPERBD SCALE 

'B-i -J**" " food aplace as any to brtng up the subject of the equally tempered 
■W duomatle scale. As anyone vAo is reading this knows there are 12 semi- 
'tma In each octave of the chromatic scale. 7 naturals labeled A tlirough G and 
■raecldentals that are designated as either sharps or flats of the naturals With 
two exceptions the sharp of one note is identical to the flat of the next highest note 
the exception being that there are no accidentals between B and C. or E and F bo ' 
Out B* U the Bane as C and E*> is the same as E. 

For each octave Increase in the musical scale the fpequenoy of the note 
doAlSB K that since middle C corresponds to 261. 6 oyclee per second the next C 
abon middto C is B23. 2 cToles per seoimd. 

' 8oiiM«4iere back in sntiqaify ( around the time of J. S. Bach ) some genius 
deoMod that since lUere are 12 eeml-4oneB to the ocatve and each octave doubles 
tlM frequenpy, each note should be related to the note directly below it in the 
^IMjlby afaotorof tte twelfth root of two. Just in case you're not used to 
Wwfclis out Oie twelfth root of numbers in your head, this translates to I. 059 times 
times the frequency of the note directly below it. The significance of this Is that 
as pitch increases, the difference between adjacent notes in fhe scale also increases. 

All Shis may seem like academic trivia until you realize one point. All volt- 
age controlled oscillalor designs produce a device whose output ftequenoy Is directly 
pr^rtional to the control voltage, identical ccmtrol voltage changes produce 
inmtlc al frequency changes. 

An example ^rill most readily demonstrate the significance of these facts 
SuHXJse that we have a kej^Mard that produces a control voltage of . 626 volts 
vbea Its lowest C is pressed. The voltage corresponding to the next C up Is 
quite logically 1.26 volts bat don't fiOl Into the trap of thinkhig that the voltage 
ooxrespoDdlng to the third C Is l. 25 phis . 626 or 1. 676 voUs because it's not, 
tt should be twice the voltage required fbr the seoond C w 2 X 1. 26 » 2. 6 volts. 

Many synthesizer designers use an electronic conversion device to get 
aroond Oils dlfaoiil^. This device converts a linear controller output voltage 
< lT. brtfaeftntC 2v. for the second, 3v. for the third C, etc.) to the 
ootasfdy zelatedmtage required by the VCO. 

Unfortnnatelr. the eaqxjnenOal converter circuits < as these devices are 
known ) are not only ejqiensive but also quite often tliey tend to drift so that 
erm te a fixed ii^ voltage the output voltage ( and of course pitch of the VCOl 
wanders from one value b> anotfaer. 
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